Introduction
Cardiovascular disease (CVD) , remain the principal cause of death in both developed and developing countries which includes high blood pressure, coronary heart disease, congestive heart failure, stroke. It is predicted that CVD will be the most important cause of mortality in India by 2020 [1] . CVD is primarily caused by chronic deficiencies of vitamins and other essential nutrients with important properties like coenzymes, cellular energy carriers and free radical scavengers. Many dietary antioxidants and some non-nutrient based antioxidants from plants are increasingly being recognized as possible health promoters in plummeting the risk of CVD [2] .
Myocardial infarction (MI) occurs when the blood supply to a part of the heart is interrupted, causing death of heart tissue. High dose of isoproterenol (ISO), a 毬 -adrenergic agonist, has been reported to induce MI in experimental animals which is confirmed by hyperglycemia, hyperlipidemia, increase in cardiac marker enzymes, hemodynamic changes, biochemical alterations and generation of oxidative stress [3] [4] [5] .
Lycopene (LYP) has been shown to be one of the most efficient singlet oxygen quencher and peroxyl radical scavengers among all the carotenoids and is more effective than 毩 -tocopherol [6] . A number of studies have shown that LYP can protect native low density lipoprotein from oxidation and can suppress cholesterol synthesis. Lycopene effectively protects adrenaline induced MI [7] , coronary artery disease [8] and it possesses antihyperlipidemic and antioxidant properties [9, 10] . We have previously reported the effect of lycopene and its combination with vitamin E on cardiac marker enzymes, endogenous antioxidant level, membrane bound enzymes and histopathological alteration Objective: To assess the protective effects of lycopene on electrocardiographic, hemodynamic, biochemical and apoptotic changes in isoproterenol induced myocardial infarction. Methods: Myocardial infarction was induced in rats by subcutaneous injection of isoproterenol (200 mg/kg) for two consecutive days at an interval of 24 h. Rats were treated with lycopene (10 mg/kg/day, p.o.) for a period of 30 days and isoproterenol (ISO) was injected on the 29th and 30th day. At the end of experiment i.e. on the 31st day electrocardiographic, hemodynamic, biochemical and apoptotic changes were monitored from control and experimental groups. Results: ISO injected rats showed a significant alteration in electrocardiograph pattern and hemodynamic changes (i.e. systolic, diastolic and mean arterial pressure). It also showed significant increase in C-reactive protein, myeloperoxidase, nitrite levels and Caspase-3 protease activity. In addition, it also exhibited alteration in the levels of electrolytes (Na   +   , K  + and Ca   2+   ) , vitamin E, uric acid and serum protein. Gel electrophoresis of ISO injected rats showed increase in DNA fragmentation. Triphenyl tetrazolium chloride staining of the heart section shows increase area of infarction in ISO injected rats. Pre-co-treatment with lycopene significantly prevented the ISO induced alteration in ECG, haemodynamic, biochemical and apoptotic changes. Conclusions: The present result shows that treatment of lycopene in ISO injected rats significantly attenuates induced myocardial infarction.
Contents lists available at ScienceDirect in ISO induced MI [11] . So, from the above observation the present study was extended to evaluate the effect of lycopene on electrocardiograph (ECG) pattern, hemodynamic and biochemical changes along with anti-apoptotic activity in ISO -induced MI in rats.
Materials and methods

Drugs and chemicals
(±)-ISO hydrochloride and vitamin E (DL-毩 -tocopherol acetate) were purchased from Sigma Aldrich Co. St. Louis. MO. USA. Lycopene powder (LYP) was obtained as gift sample from Genesis Laboratory Ltd., Mumbai. The entire chemical used in this study was of analytical grade.
Experimental animals
Male adult albino rats (Wistar strain) weighing between 200 and 250 g were used in the present study. The animals were housed in an air conditioned room and were kept in standard laboratory conditions under normal light and dark cycle (12 
Measurements of ECG changes
After 48 h of the first injection of either ISO or vehicle, ECG was recorded under light ether anesthesia through needle electrodes (Lead II) using Biopac MP30 data acquisition system (Biopac Systems, Santa Barbara, CA). The changes in ST interval, QT interval, RR interval, QRS complex, P wave amplitude and QTc interval along with changes in Heart rate were determined from ECG. QTc interval was calculated from Bazett's equation.
Non invasive blood pressure determination (indirect method)
Rats were trained for at least one week until the blood pressure was recorded with minimal stress and restraint. Systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean blood pressure (MBP) were measured at the end of treatment period (Tail cuff) using LE 5002 storage pressure meter.
Biochemical estimations
The levels of Na + and K + were estimated using commercial kits (Monozyme India Ltd, Secunderabad). Level of Ca 2+ was measured by the O-cresolphthalein complexone method using a reagent kit (Span Diagnostic Ltd, Gujarat, India).
Tissue nitrite content was estimated colorimetrically with the Griess reagent [12] in protein free supernatant of heart homogenate. Tissue vitamin E level was estimated as given by Desai [13] and serum protein levels was determined using reagent kit (Span Diagnostic Ltd, Gujarat, India).
Determination of C-reactive protein (CRP)
Quantitative estimation of CRP in serum was performed as per instructions provided by SPINREACT kit (Latex turbidimetry method) S. A. Ctra. Santa Coloma, Spain.
Myeloperoxidase (MPO) assay
MPO was extracted and the activity was measured using a modified spectroscopic method described by Bradley et al [14] which is as follows. Tissue samples (heart) were homogenized in ice cold 50 mM potassium phosphate buffer (pH=6) containing 0.5% Hexadecyl Trimethyl Ammonium Bromide. The homogenate was freeze thawed three times then centrifuged at 11 000 暳 g for 20 min at 4 曟 . The supernatant (34 毺 L) was mixed with the same phosphate buffer (986 毺 L) which containing 0.167 mg/mL orthodianisidine dihydrochloride (Sigma) and 0.0 005% hydrogen peroxide. The change in absorbance at 460 nm was recorded by spectrophotometer. One unit of MPO activity was defined as that consuming 1 nmole of peroxide per minute at 22 曟 . The results were expressed as units/mg of protein.
Caspase -3 protease level
The levels of caspase -3 protease was estimated as per the instruction provided by BioVision (Caspase-3/CPP32 Colorimetric Assay Kit, USA). Micro-titer plate was read at 405 nm in a microplate reader (BIO RAD, Model 680XR).
Macroscopic enzyme mapping (TTC Staining)
The triphenyl tetrazolium chloride (TTC) test, used for the macroscopic enzyme mapping of infarcted myocardium was done according to the method of Lie et al [15] . The heart was washed rapidly in cold water to remove excess blood, taking care not to macerate the tissue. The excess epicardial fat was lightly trimmed off. The heart was transversely cut across the left ventricle to obtain slices no more than 0.1 cm in thickness. The heart slices were placed in the covered, darkened glass dish containing pre warmed (1%) TTC solution in phosphate buffer and the dish was incubated between 37-40 曟 for [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] min. the heart slices were turned over once or twice to make certain that it remains immersed and covered by 1 cm of the TTC solution. At the end of incubation period, the heart slices were placed in 10% formalin solution which enhances the colour contrast developed. The % infarction was measured using ImageJ Software system. 
Statistical analysis
Results of all the above estimations have been indicated in terms of mean 暲 SEM. Differences between the groups were statistically determined by analysis of variance (ANOVA) with Bonferroni multiple comparisons test using GraphPad InStat version 5.00, GraphPad Software, California USA. The level of significance was set at P<0.05.
Results
Effect of LYP on ECG pattern and hemodynamic changes
The effects of LYP on ECG pattern in normal and ISO injected rats are shown in Figure 1 and Table 1 Figure 1 ). Table 2 shows the effect of LYP on hemodynamic changes i.e. on systolic, diastolic and mean blood pressure. LYP alone treated groups showed normal hemodynamic pattern. ISO injected rats showed a significant (P<0.01, P<0.001) decrease in diastolic and mean blood pressure as compared to control group. Treatment with LYP in ISO injected rats showed a significant (P<0.05) increase in mean blood pressure compared to ISO injected rats. LYP didn't show any significant effects on systolic and diastolic blood pressure. ISO injected rats also showed increase in heart rates compared to the control but it was found to be statistically non significant (Table 2) . .001 values compared to control groups. Table 3 shows the effect of LYP on certain biochemical parameters in normal and ISO injected rats. ISO injected rats showed a significant (P<0.001) increase in serum uric acid levels and significant (P<0.001) decrease in total protein and tissue vitamin E levels as compared to control rats. Administration of LYP in ISO injected rats showed significant (P<0.001) decrease in uric acid with significant (P<0.001) increase in total protein and vitamin E level as compared to ISO treated group (Table 3 ). The effect of LYP on electrolytes levels are shown in Table 3 . The levels of sodium and calcium were significantly (P<0.001) increased and potassium was significantly (P<0.001) decreased in ISO injected rats compared to the control rats. Administration of LYP for 30 days in ISO injected rats significantly (P<0.001, P<0.05) decreased the levels of sodium, calcium and significantly (P<0.001) increased the potassium levels compared to ISO treated rats (Table 3 ).
Effect of LYP on biochemical changes
Effect of LYP on inflammatory markers and tissue nitrite levels
The effects of LYP on inflammatory markers (CRP, myeloperoxidase) and tissue nitrite levels in normal and ISO injected rats are shown in Figure 2 and Figure 4 . Representative myocardial infarction in each group carried out by TTC staining. Figure 4 shows the heart sections of normal and ISO injected rats stained with TTC. ISO injected rats showed increased infarction area shown by yellowish colour compared to the control rats. The percentage of mean infarct size was also calculated. ISO injected rats showed increased area of infarction compared to control rats. Treatment with LYP for 30 days and intoxicated with ISO showed a significant decrease in infarct size and staining as compared to ISO injected rats (Figure 4, 5) . to ISO injected rats (Figure 4, 5) . 
Effect of LYP on macroscopic enzyme assay (TTC) and area of infarction
Effect of LYP on caspase-3 protease activity and DNA fragmentation
The effects of LYP on caspase-3 protease activity and severity of DNA damage by gel electrophoresis in normal and ISO injected rats are shown in Figure 6 and Figure 7 . ISO injected rats showed a significant (P<0.01) increase in caspase-3 protease activity and severity of DNA damage (Lane B) as compared to control rats. Treatment 
Discussion
MI induced by injection of ISO is a standardized model to study the beneficial effects of numerous drugs and antioxidants. In the present study, we found that lycopene treatment exerts a strong cardioprotection in ISO induced MI in rats.
ECG abnormalities are considered as the main criteria generally used for the diagnosis of MI. In the present study ISO injection shows significant alterations in ECG patterns. The characteristic ECG findings were reduction in R-R intervals, P wave intensity, QRS complex and elevation of ST segment, QT interval and QTc interval. These alterations could be due to the consecutive loss of cell membrane potential in injured myocardium. ST segment elevation was observed in patient with acute myocardial ischemia and in experimental model of ISO in rats [16, 17] . ISO undergo auto oxidation and generates free radicals which further produced oxidative stress. Increased oxidative stress causes loss of cell membrane function, leads to ECG changes which include elevation of ST segment which reported by number of clinical and experimental studies [18] . Treatment with LYP in ISO injected rats significantly prevented the altered ECG pattern towards normal suggesting the cell membrane stabilizing potential of LYP which might be due to its potent antioxidant property.
In the present study ISO injected rats showed MI which is evident by significant fall in systolic, diastolic and mean blood pressure and increase in heart rate. These changes in hemodynamic parameters indicated the activation of sympathetic nervous system which is in line with previous reports [19, 20] . Supplementation of LYP significantly attenuated these changes in hemodynamic parameters which is evidenced from improvements in systolic, diastolic and mean blood pressure. ISO injected rats did not show increase in heart rate but it was found to be statistically non-significant reports. ISO caused myocardial damage was accompanied by a stress response in pituitary adrenal axis resulting in adrenal hyperactivity which elevates circulating catecholamine. This could account for the elevated heart rate in the present study.
A significant increase in serum uric acid and decrease in total protein and heart vitamin E levels was observed in ISO injected rats, which is in line with the previous reports [18, 21] . Large cohort studies have shown that uric acid is an important independent risk factor for cardiovascular mortality and in the development of MI. During hypoxic condition tissue are disturbed, the enzyme xanthine dehydrogenase is converted to xanthine oxidase by the oxidation of essential-SH-groups. Xanthine oxidase catalyses the conversion of hypoxanthine to xanthine, uric acid and superoxide [22] . This could be one of the reasons for the elevated levels of serum uric acid in the present study. A decrease in the level of serum total proteins in the present study could be due to increased free radical and lipid peroxidation production by ISO .
Vitamin E is a major lipid soluble non-enzymatic antioxidant present in cell membranes and lipoproteins that protects against oxidative modification in the body [23] . The observed decrease in the Vitamin E level, in the present study, might be due to increased utilization for the neutralization of ISO mediated free radicals and lipid peroxidation. Administration of LYP can significantly decrease the level of uric acid and increase the level of serum protein and tissue vitamin E, this might be the antioxidant property of LYP which prevents the SH group of enzyme from oxidation and thereby elevated uric acid level.
In the cell, ATPases are closely associated with the plasma membrane and participate in the energy dependent transport of sodium, potassium, magnesium and calcium translocation. An increase in sodium and calcium along with decrease in potassium were observed in ISO injected rats which might be due to altered ATPases activity in membrane as a result of lipid peroxidation produced by ISO. Increased concentration of sodium might be due to decrease in Na + /K + ATPase [24] . Depletion of ATP by ISO leads to opening of K + channel leading to the decrease in K + ions in the myocardial tissue. Increased levels of intracellular Na + also operate to depress Ca 2+ effect and augment Ca 2+ influx. In our previous report we showed the alteration of ATPases during ISO injection. LYP treatment can prevent the altered levels of electrolyte and these effects of LYP could be due to the prevention of 'SH' group of the ATPases from oxidative damage through the inhibition of peroxidation of membrane lipids indicating the membrane stabilizing effects of LYP.
During the acute phase of MI inducible nitric oxide synthase (iNOS) expression and nitric oxide (NO) production increases in the heart [25] . It has been, reported that 毬 -AR stimulation upregulated iNOS and significant increases production of NO, which create a nitrosative stress and generate the powerful oxidant molecule peroxynitrite (ONOO-) [26] . Administration of LYP in the present study significantly decreased the elevated tissue nitrite levels which might be due to their antioxidant activity which prevents superoxide generation and thereby peroxinitrite formation.
In the present study ISO injected rats showed a significant rise in serum CRP level and decrease in MPO activity indicateing the involvement of inflammatory process during ISO toxicity. CRP has been used as a sensitive predictor of acute cardiovascular events compared with other widely used biomarkers [27] . Several population based observational studies have reported that serum CRP concentrations are inversely associated with dietary intake of fruits, vegetables and tea, which are rich in polyphenolic antioxidants [28] . Increased MPO activity indicates an acute inflammation and leukocyte accumulation in heart tissues of the ISO-injected rats [29] . Treatment of LYP significantly reduced the elevated CRP levels and MPO activity suggesting potent antiinflammatory activity.
Area of infarction indicates loss of membrane integrity which might be due to significant leakage of lactate dehydrogenase enzymes. Further increase in nitrosative stress and reactive oxygen species production led to an enlarged infarct size in the ISO injected MI [30] . The present study showed a significant increase in the percentage of infarction in ISO injected rats. Present study also shows significant increased nitric oxide production thereby oxidative stress after ISO injection which might be the reasons for increased area of infarction in the present study. Treatment with LYP in ISO injected rats significantly decreased infarction size which might be due to their potent antioxidant activity which prevents leakage of lactate dehydrogenase enzymes and elevated nitrosative stress.
The present study showed a significant increase in caspase-3 activity and DNA breakdown in ISO injected rats. Increased caspase-3 protease activity and DNA damage indicates cardiac apoptosis and necrosis in the present study. Study have reported that 毬 -AR stimulation by catecholamine induces cardiac apoptosis or/and necrosis [31] . It has been already reported that oxidative stress provoke DNA damage (DNA fragmentation and apoptosis) and treatment with antioxidants inhibit DNA fragmentation and apoptosis [32] . Oxidation of catecholamine forms quinonoid compounds giving rise to the production of superoxide anions and subsequently hydrogen peroxide, which in the presence of iron forms highly reactive hydroxyl radicals and causes protein, lipid and DNA damage [33] . Further, increased expression of iNOS in myocardium of animals and patients with heart failure may be responsible for increased numbers of apoptotic cardiomyocytes [34] . LYP treatment showed significant reduction in caspase-3 protease activity and DNA damage. This indicates that LYP prevents apoptosis and necrosis in ISO injected MI in rats. This beneficial effect might be due to potent antioxidant activity of LYP which scavenge the highly toxic free radicals and prevents the DNA from damage and thereby inhibiting caspase-3 activity. In the present study, significant decrease in tissue nitrite levels by administration of LYP was observed, which might be one of the reasons for anti-apoptotic effects.
In conclusion, the present study showed that acute ISO injection in experimental animals induces MI which is confirmed by ECG pattern, hemodynamic changes, certain biochemical changes and apoptotic markers. Precotreatment with LYP prevents the ISO induced MI by virtue of its potent antioxidant activity. These findings might be helpful to understand the beneficial effects of LYP against ISO induced MI although further study is needed to confirm its mechanism.
